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CLAIMS 


[Claim(s)] 

[Claim 1] The steel plate for high-frequency induction hardening excellent in the toughness of 
the quenching section which consists of the remainder Fe and an unescapable impurity at mass% 
including less than [ aluminum:0.06% ]. less than [ Ti:0.015% ], N:0.010% or less, and B:0.0005 - 
0.0040% C:0.05 - 0.20%, Mn:0.3-2.5%, P:0.02% or less, and S:0.02% or less. 
[Claim 2] The steel plate for high-frequency induction hardening which was further excellent in 
the toughness of the quenching section indicated to claim 1 which contains 1.0% or less, 
respectively besides the component indicated to claim 1 in any one or more sorts of Si, Cr, Mo, 
V, W, Cu, and nickel. 

[Claim 3] The high-frequencyHnduction-hardening consolidation member by which high- 
frequency induction hardening was given to the part which is formed with the steel plate for 
high-frequency induction hardening indicated to claims 1 or 2, and raises reinforcement 
[Claim 4] The high-frequency-induction-hardening consolidation member to which it is formed by 
the hot-dip zinc-coated carbon steel sheet which makes a blank the steel plate for high- 
frequency induction hardening indicated by claims 1 or 2, high-frequency induction hardening is 
given to the part which raises reinforcement and a plating layer comes to remain in the 
quenching section. 

[Claim 5] The old austenite particle size before quenching observed in the quenching section is 
20 micrometers. High-frequency-induction-hardening consolidation member indicated to claims 3 
or 4 which are the followings. 

[Claim 6] The manufacture approach of a high-frequency-induction-hardening consolidation 
member of giving high-frequency induction hardening to the part which forms in a predetermined 
configuration the steel plate for high-frequency induction hardening indicated to claims 1 or 2, 
and raises reinforcement with Ar of three or more points, and the hardening temperature of 1000 
degrees C or less. 

[Claim 7] They are 60sec(s) about a thermo-cycle time until it forms in a predetermined 
configuration the hot-dip zinc-coated carbon steel sheet which makes a blank the steel plate for 
high-frequency induction hardening indicated by claims 1 or 2, and is 1000 degrees C or less in 
three or more AKs) and hardening temperature, and it arrives at the part which raises 
reinforcement from the heating initiation in the case of quenching at hardening temperature and 
it is cooled by 350 degrees C after that. The manufacture approach of a high-frequency- 
induction-hardening consolidation member of giving high-frequency induction hardening made 
into the following. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the steel plate which 
can attain high intensity-ization of a member by carrying out high-frequency induction hardening 
of the necessary part, a high-frequency-induction-hardening consolidation member, and its 
manufacture approach after processing a required configuration especially about raw material 
steel plates for processing, such as a member for automobiles. 
[0002] 

[Description of the Prior Art] The property which absorbs the striking energy at the time of a 
collision may be required of the shaping member for automobiles which processed sheet steel by 
deforming, without the member breaking thoroughly at the time of an automobile collision. The 
reinforcing materials for striking-energy absorption are attached to the member as which such a 
property is required, and it is designed so that demand characteristics may be satisfied. For 
example, since the shocking deformation by three-point bending produces the center pillar which 
is the important member of an automobile side face at the time of a collision, reinforcing 
materials are used for the part bending deformation is expected to be. 
[0003] On the other hand, for lightweight-izing of an automobile, it is desirable to omit 
reinforcing materials. For that, it is possible to use a high-strength steel plate as a raw material 
steel plate. However, a high-strength steel plate has the problem of being inferior to a 
moldability. Then, instead of using reinforcing materials or a high-strength steel plate in recent 
years, a steel plate with comparatively low reinforcement is used, it fabricates in a 
predetermined configuration, and the technique which gives high-frequency induction hardening 
and carries out a quenching consolidation after shaping is being applied to the part which needs 
reinforcement 

[0004] When applying this technique, it is necessary to raise the hardenability of a raw material 
steel plate. B addition is well used as a means which raises the hardenability of steel. Although 
free B in steel participates in hardenability in that case, since B is an element which is very easy 
to combine with N in steel, if B combines with N and generates boron nitride (BN), the quenching 
effectiveness of B will disappear. For this reason, adding Ti which is easy to combine with N 
more than N equivalent, fixing N in steel as TiN, preventing association with N and B, and 
securing free B from B is performed. 
[0005] 

[Problem(s) to be Solved by the Invention] The impact-absorbing property at the time of a 
collision is important for a center pillar, a bumper phosphorus force, etc. which are a member for 
automobiles, when attaining a consolidation with the application of a quenching consolidation to 
these members, it does not say that what is necessary is just to form a high degree of hardness 
only for a consolidation, and a crack does not occur at the time of collision deformation, but it is 
important for the quenching section that impact absorbed energy is large. 

[0006] However, when N was fixed by Ti and B was added, it was easy to generate a crack in the 
quenching section, and it became clear that an impact-absorbing property did not necessarily 
improve. When that cause was investigated, big and rough TiN existed in the fracture surface, 
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and that from which this TiN has caused generating of a crack was presumed. In order to 
generate at the time of the ingot of steel, TiN is made big and rough and distributed in a raw 
material. Furthermore, in heating at the time of quenching, it does not decompose but after 
quenching exists as it is. Therefore, it is effective to reduce the amount of Ti as much as 
possible to control the crack of the quenching section and raise an impact-absorbing property. 
However, if it does so, the improvement effectiveness in hardenability of B can also be expected 
no longer according to reduction of the amount of Ti. 

[0007] This invention offers the steel plate for high-frequency induction hardening which was 
made in view of this problem, was excellent in hardenability, and was excellent in the impact- 
absorbing property which the quenching section moreover equipped with toughness, a high- 
frequency-induction-hardening consolidation member, and its manufacture approach. 
[0008] 

[Means for Solving the Problem] The steel plate for high-frequency induction hardening of this 
invention indicated to claim 1 is mass%, and consists of the remainder Fe and an unescapable 
impurity including less than [ aluminum:0.06% ], less than [ Ti:0.015% ], N:0.010% or less, and 
B:0.0005 - 0.0040% C:0.05 - 0.20%, Mn:0.3-2,5%, P:0,02% or less, and S:0.02% or less. Since Ti. N, 
and B were regulated to the specified quantity according to this steel plate, the improvement 
operation in hardenability by B, front [ quenching ] austenite grain growth depressant action, and 
the potentiation of the grain boundary are heating of a short time like high^equency heating 
conjointly, moreover, even if hardening temperature is comparatively low, the quenching 
effectiveness can fully be demonstrated and an impact-absorbing property can be raised by 
improvement in toughness of the quenching section. 

[0009] It is thought that the steel plate of this invention can contain any one or more sorts of Si. 
Cr, Mo, V, W, Cu, and nickel 1.0% or less if needed, respectively, and can raise an impact- 
absorbing property more by content of these elements as indicated to claim 2 besides the above 
fundamental component. 

[0010] Moreover, it is formed with said steel plate for highHrequency induction hardening, high- 
frequency induction hardening is given to the part which raises reinforcement, and the high- 
frequency-induction-hardening consolidation member of this invention indicated to claim 3 is 
excellent in an impact-absorbing property. 

[001 1] It is formed by the hot-dip zinc-coated carbon steel sheet which makes a blank said steel 
plate for high-frequency induction hardening, and high-frequency induction hardening is given to 
the part which raises reinforcement, a plating layer comes to remain in the quenching section, 
and the high-frequency-induction-hardening consolidation member of this invention indicated to 
claim 4 is excellent in an impact-absorbing property, and, moreover, excellent also in paintwork 
and corrosion resistance. An alloying hot-dip zinc-coated carbon steel sheet is contained in said 
hot-dip zinc-coated carbon steel sheet 

[0012] The old austenite particle size before quenching observed in the quenching section in 
these high-frequency-induction-hardening consolidation members as indicated to claim 5 is 20 
micrometers. By considering as the following A static-dynamic ratio (when the maximum stress 
in the case of being the high-speed deformation sigmaA and whose deformation velocity are 10 
m/sec extent about the maximum stress in the case of being the low-speed deformation whose 
deformation velocity is 2.0 mm/sec extent is set to sigmaB in a tension test, It is static-dynamic 
ratio =sigmaB/sigmaA) can be raised, and the outstanding impact-absorbing property is acquired 

[0013] Moreover, the manufacture approach of the high-frequency-induction-hardening 
consolidation member of this invention indicated to claim 6 forms in a predetermined 
configuration the steel plate for high-frequency induction hardening indicated to claims 1 or 2, 
and gives high-frequency induction hardening to the part which raises reinforcement with Ar of 
three or more points, and the hardening temperature of 1000 degrees C or less. Moreover, the 
manufacture approaches of the high-frequency-induction-hardening consolidation member of 
this invention indicated to claim 7 are 60sec(s) about a thermo-cycle time until it forms in a 
predetermined configuration the steel plate for high-frequency induction hardening indicated to 
claims 1 or 2, and is 1000 degrees C or less in three or more AKs) and hardening temperature. 
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and it arrives at the part which raises reinforcement from the heating initiation in the case of 
quenching at hardening temperature and it is cooled by 350 degrees C after that High-frequency 
induction hardening made into the following is given, since the hot-dip zinc-coated carbon steel 
sheet (an alloying hot-dip zinc-coated carbon steel sheet is included.) which makes a blank the 
steel plate for high-frequency induction hardening indicated to claims 1 or 2 or the steel plate 
for high-frequency induction hardening concerned in these invention is used — shaping — easy 
— moreover, hardening temperature — the old austenite particle size before quenching of 1000 
degrees C or less which quenching of at low temperature is attained comparatively, and is 
observed in the quenching section — 20 micrometers It can consider as the following and excels 
in an impact-absorbing property. And the deformation after quenching can also be reduced with 
low-temperature quenching. Furthermore, in the case of a hot-dip zinc-coated carbon steel 
sheet since hardening temperature is as low as 1000 degrees C or less, if it can prevent that a 
galvanization layer disappears by evaporation and lengthens in case it is quenching, degradation 
of the paintwork by generation of an iron system oxide film can be prevented. And they are 
60sec(s) about a thermo-cycle time (refer to drawing 1 1 ). Since it considers as the following, in 
case a hot-dip-zincing layer is quenching, too much alloying, i.e., corrosion resistance 
degradation by Fe atom being spread too much in a hot-dip-zincing layer, can be prevented. 
[0014] 

[Embodiment of the Invention] this invention person noted that BN decomposed also whenever 
[ stoving temperature / at the time of high-frequency induction hardening ]. However. In 
quenching by high-frequency heating, whether as compared with heat treatment usual In heating 
time, sufficient free B which BN fully decomposes and contributes to improvement in 
hardenabillty since it is short is securable poses a problem. As a result of investigating the 
hardenability and impact absorbed energy of a steel plate which ingoted the steel of various Tl 
and N. and the amount of B, and were manufactured, so, under Ti, N, and B of the amount of 
specification The quenching effectiveness by B could fully be demonstrated also with heating of 
a short time like high-frequency heating, and a crack did not occur at the time of the high-speed 
deformation at the time of a collision etc., but the knowledge of a value also with high impact 
absorbed energy being acquired is carried out and it came to complete this invention. 
[0015] That is, the steel plate for high-frequency induction hardening of this invention is mass%. 
and consists of the remainder Fe and an unescapable impurity including less than 
[ aluminum:0,06% ], less than [ Ti:0,015% ], N:0.010% or less, and B:0.0005 - 0.0040% C:0.05 - 
0.20%, Mn:0.3-2.5%, P:0.02% or less, and S:0.02% or less. 

[0016] Here, the reason for component definition of the steel plate of this invention is explained 
Although it is the important element with which C:0.05 - 2.0%C determines quenching hardness, 
at less than 0.05%. required hardness (they are 300 or more Hvs at Vickers hardness number 
(load 1 kgf)) is not obtained. For this reason, the minimum of the amount of C is preferably made 
into 0.10% 0.05%. On the other hand, since it will become easy to produce delayed fracture in the 
quenching section if it exceeds 2.0%. an upper limit is preferably made into 0.18% 2.0%. 
[0017] Mn: It is the element which raises hardenability 0.3 to 2.5% as for Mn, and at less than 
0.3%, the improvement operation in hardenability becomes [ too little ], and it becomes difficult to 
obtain required quenching hardness. For this reason, the minimum of the amount of Mn is more 
preferably made into 1.0% 0.5% 0.3%. On the other hand, it is easy to carry out the 
microsegregation of Mn at the time of casting, and after quenching is not canceled, but this 
segregation makes an upper limit 2.0% preferably 2.5% in order to promote lowering and delayed 
fracture of toughness. 

[0018] In order for P:0.02%or less P as well as Mn to be the element which carries out 
microsegregation, to produce remarkable main segregation (segregation in a board thickness 
center section) if It is so good that it is few and 0.02% is exceeded, and to promote delayed 
fracture, an upper limit is preferably made into 0.01 5% 0.02%. 

[0019] It is so good that there is since S:0.02%or less S combines with Mn, generates MnS, 
degrades the workability of a steel plate and also becomes the origin of delayed fracture, and 
makes an upper limit 0.015% preferably 0.02%. [ little ] 

[0020] aluminum: Although aluminum is added as deoxidation material 0.06% or less, since the 
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inclusion of an alumina system will increase and surface discontinuity, such as HEGE and sliver, 
will increase rapidly if 0.06% is exceeded make an upper limit into 0.05% preferably 0.06%. 
[0021] Since TiN big and rough in 0.015% ** comes to arise although it has the operation which 
controls that combine Ti:0.015%or less Ti with an N and precedence target, and B combines with 
N, high-frequency heating does not decompose this TiN, either but it exists during an 
organization, a crack comes to occur at the time of high-speed deformation a passage clear [ to 
the after-mentioned ] from an example. For this reason, it may be 0.010% or less more preferably 
0.012% or less 0.015% or less. 

[0022] In order for N to combine with B N:0.010% or less and to decrease the free amount of B in 
steel, little direction is good, but since too much reduction raises a manufacturing cost with the 
difficulty on steel manufacture, it is good to make a minimum into 0.0010% preferably. On the 
other hand, since the improvement effect of the hardenability by B can be demonstrated no 
longer if 0.010% is exceeded, an upper limit is preferably made into 0.008% 0.010%. 
[0023] B:0.0005 - 0.0040%B is an important element with which hardenability is made to improve 
and quenching organization sufficient also at low temperature is obtained. Moreover, when it 
heats to hardening temperature, i.e., austenitizing temperature, it is the element which B 
depositing in the austenite grain boundary, and there being low-temperature quenching being 
possible and an operation which controls grain growth conjointly, being able to attain detailed- 
ization of a quenching organization, and raising a static-dynamic ratio by this cuts. The deposit 
to said grain boundary is also the element which can raise the toughness of a low-temperature 
transformation organization further again in order to raise the reinforcement of a grain boundary. 
Since the amount [ with the effective amount of B ] of B in the case of quenching at less than 
0.0005% cannot be secured but the above-mentioned operation becomes [ too little ], a minimum 
is more preferably made into 0.0025% 0.0010% 0.0005%. On the other hand, it is Fe2 B when 
0.0040% is exceeded, (nitriding iron) It comes to generate, and this serves as an origin of the 
crack at the time of high-speed deformation, and reduces the absorbed energy at the time of 
impact bending deformation on the contrary. For this reason, an upper limit is preferably made 
into 0.0035% 0.0040%. 

[0024] Although the steel plate of this invention consists of the above fundamental component, 
Remainder Fe, and unescapable impurity, content of other elements cannot be barred in the 
range which does not spoil the operation effectiveness of said fundamental component, and the 
element which raises the property of a steel plate more further can be made to contain. As such 
an element, any one or more sorts of Si, Or. Mo, V. W, Cu. and nickel can be contained 1.0% or 
less, respectively. 

[0025] These elements bainiteHze the microstructure of the quenching section, and raise 
ductility, while contributing to prevention of crack generating, required quenching reinforcement 
can be secured, and Cu and nickel are further contributed also to an improvement of a delayed 
fracture-proof property. For demonstrating this operation effectively. 0.05% or more of content is 
respectively desirable. If it adds too much, in order, as for Si, Or. Mo. V, and W, for chemical 
conversion nature to deteriorate and for hot tearing and the surface crack resulting from a scale 
to produce Cu and nickel on the other hand, an upper limit is respectively made into 0.60% 
preferably 1.0%. In addition, a microstructure does not necessarily need to be bainite single phase 
and a ferrite, carbide, etc. may be contained. Moreover, these elements cannot be used as the 
basic element for a hardenability improvement The reason is because chemical conversion 
nature deteriorates, or quenching arises at the time of steel plate manufacture and reservation 
of the workability of the raw material steel plate before a high-frequency-induction-hardening 
consolidation becomes difficult when hardenability is improved by these elements. 
[0026] Said steel plate for high-frequency induction hardening ingots the steel of a 
predetermined component, and is manufactured hot rolling or by cold-rolling further with a 
conventional method. The steel plate organization which gave hot dip zincing further after hot- 
rolling, cold-rolling, or cold-rolling is a ferrite and a pearlite organization, since the tensile 
strength in front of high-frequency induction hardening is below SOOMPa extent it is easy press 
forming and it can fabricate it easily in a predetermined member configuration. The high- 
frequency-induction-hardening consolidation member of this invention is obtained after shaping 
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by performing RF quenching to the part (all the fields of a member being included.) whose 
reinforcement wants to improve. In addition, the cooling approach after quenching can take 
proper approaches, such as contact of water cooling, Myst cooling, air-water cooling, air cooling 
(forced-air cooling is included.), and cooling metal mold, according to board thickness. 
[0027] Although hardening temperature is 1 000-degree-C super-**(ed) in the carbon steel plate 
which has C content specified by this invention in order to usually enlarge austenite particle size 
before quenching in order to obtain martensite with quenching, and to raise hardenability by this 
this invention — the improvement operation in hardenability of B — hardening temperature — 
comparatively — low temperature — it can set up — 1000 degrees C or less — desirable — 
950 degrees C or less — more — desirable — 900 degrees C or less — it can carry out at low 
temperature comparatively. It is 20 micrometers about the old austenite particle size conjointly 
observed after quenching by setting hardening temperature as such temperature with the 
austenite grain growth depressant action by the grain boundary deposit of B. It can consider as 
the following. It is 20 micrometers about the old austenite particle size. It is 1 5 micrometers 
preferably hereafter. If the static-dynamic ratio of the quenching section can be raised and is 
lengthened by considering as the following, the impact-absorbing property of a high-frequency- 
induction-hardening consolidation member can be raised. 

[0028] Drawing 1 is a stress distorted diagram for explaining the relation between a static- 
dynamic ratio and impact absorbed energy, and, for A in drawing, speeds of testing are 2 
mm/ sec. It is stress **** in the case of being low-speed **** which is extent, and, for B. 
speeds of testing are 10 m/sec. It is stress **** of high-speed **** supposing the time of the 
collision which is extent, the ratio of maximum stress sigmaB of B [ as opposed to maximum 
stress sigma/ of A / A in a static-dynamic ratio ] — it is expressed with sigma B/sigma A. On 
the other hand, the field (field shown in the slash section about stress ****A) surrounded by 
stress **** shows the impact absorbed energy at the time of deformation. The impact absorbed 
energy at the time of high-speed deformation becomes large, so that from drawing and a static- 
dynamic ratio is large. It becomes the thing equipped with the impact-absorbing property which 
the impact-absorbing static-dynamic ratio also improved and was excellent while reinforcement 
improved by high-frequency induction hardening the passage clear from the below-mentioned 
example in the case of this invention steel plate, although it could not necessarily say that yes, 
an impact-absorbing property became advantageous only by a static-dynamic ratio tending to 
approach 1, so that reinforcement becomes large with a high-tensile-steel plate, such as a ten, 
and raising steel plate reinforcement 

[0029] The steel plate of this invention can perform hot-dip-zincing processing after cold rolling, 
and can use it as a hot-dip zinc-coated carbon steel sheet Of course, alloying heat treatment is 
performed after hot dip zincing, and it is good for it also as an alloying hot-dip zinc-coated 
carbon steel sheet. 

[0030] The high-frequency-induction-hardening consolidation member of this invention is 
obtained also by carrying out press forming to a predetermined configuration, and giving high- 
frequency induction hardening to the part which should be strengthened using such a hot-dip 
zinc-coated carbon steel sheet In this case, when hardening temperature is too high, in case it 
is quenching, zinc evaporates, a galvanization layer disappears, and there is a possibility that an 
oxide film may be further formed on the surface of a steel plate. If a galvanization layer 
disappears and an oxide film is formed, when painting a member front face, if the phosphoric acid 
salt coat which is the substrate of paint stops being able to adhere easily and lengthens, paint 
film adhesion deteriorates. In this invention, disappearance of a galvanization layer can be 
prevented according to an operation of B by being able to make hardening temperature low and 
making more preferably 1000 degrees 0 or less of 950 degrees 0 or less of hardening 
temperature into 900 degrees 0 or less, and good paint adhesion can also be secured. 
Furthermore, they are 60sec(s) about a thermo-cycle time (refer to drawing 1 1 ) until it reaches 
hardening temperature from the heating initiation in the case of quenching and is cooled by 350 
degrees C after that They are 30sec(s) preferably hereafter. They are lOsec(s) more preferably 
hereafter. Since too much alloying of a hot-dip-zincing layer can be controlled by considering as 
the following, corrosion resistance degradation of a hot-dip-zincing layer can be prevented 
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Hereafter although an example explains this invention still more concretely, this invention is not 

restrictively interpreted according to this example. 

[0031] 

[Example] [Example A] The steel which added Ti of various rates to base steet is ingoted by 
using following A steel and B steel as the base. The slab is hot-rolled with a conventional 
method (finishing temperature of 870 degrees C, winding temperature of 650 degrees C). It cold- 
rolled (the rate of cold-rolling of 55%, recrystallization annealing temperature of 720 degrees C), 
cold rolled sheet steel of 1.6mm of board thickness was manufactured, the three impacts 
bending test member shown in drawing 2 was manufactured, and impact absorbed energy was 
measured by the three impacts bending test 
- A steel (mass%, the remainder substantially Fe) 

C:0.12%, Mn:1.49%, P:0.013%, S:0.005%. aluminum:0.043%, N:0.041%. B:0.0029% and B steel (mass%. 

the remainder substantially Fe) 

C. Mn, P, S, and aluminum are the same as A steel. 

N:0.033%. 6:0.0055% [0032] A cross section attaches a plate 3 to opening of the shaping member 
2 of a hat form, and as shown in drawing 2 , as shown in drawing, said trial member 1 carries out 
spot welding of the flange of the shaping member 2 in 40mm pitch. The dimension unit in drawing 
is mm and the slash section given to the corner (two places) of the upper part of the hat 
formation form member 2 shows the quenching section by high-frequency induction hardening 
which assembled the trial member and was formed behind. Quenching conditions made the 
thermo-cycle time about 5 seconds, it carried out water cooling to 900 degrees C after high- 
frequency heating, and the organization of the quenching section was martensitic structure. 
[0033] Said three impacts bending test is in the condition which added the 100kg load P to the 
position of symmetry of the both ends (load spacing of 500mm) of the trial member 1 
respectively as the hat formation form member 2 became caudad about said trial member 1, and 
was horizontally held as shown in drawing 3 , and is the core of the die-length direction of the 
trial member 1 to a bending fixture 10.6 m/sec It is made to collide and the impact absorbed 
energy produced at this time is measured. Said impact absorbed energy with the laser 
displacement gage 11 formed in the location distant from the bending fixture 10 (a upside radius 
= 1 50mm) 200mm The variation rate (condition displayed by the two-dot chain line in drawing) of 
the flash when the trial member 1 and the bending fixture 10 contacted was set to 0, and the 
trial member 1 bent and deformed, and it asked by measuring the load which acted on the 
bending fixture 10 until the variation rate measured by the laser displacement gage 1 1 was set to 
70mm. Drawing 4 is drawing having shown the relation of said variation rate and load typically, 
and the area of the part shown with the slash in drawing shows an absorbed energy value. In 
addition, the load which acted on the fixture 10 was measured by the load cell 12 in which the 
bending fixture 10 was attached. 

[0034] The result of the above-mentioned three impacts bending test is shown in drawing 5 . 
From this drawing, big and rough TiN generated the steel plate with which Ti content used A 
steel and B steel 0.015% in the high content region of**, the absorbed energy value in three 
impacts bending was low, and the crack was especially accepted in the quenching section by the 
thing [ amount / of B ] using B steel of this invention ******. It turns out that the very big 
absorbed energy value is acquired as compared with the steel plate with which especially Ti 
content on the other hand, used B steel outside the invention range with the steel plate which 
used A steel of this invention component range in 0.010% or less of low content region, and the 
outstanding shock resistance is obtained 

[0035] [Example B] The steel shown in the following table 1 was ingoted, cold rolled sheet steel 
(1.6mm of board thickness), an alloying hot-dip zinc-coated carbon steel sheet (1.6mm of board 
thickness), and hot rolled sheet steel (2.0mm of board thickness) were manufactured according 
to the manufacture conditions which show the slab in this table, and the mechanical property 
was measured. The result is collectively shown in a table 1. 
[0036] 
[A table 1] 


http://www4.ipdl.ncipi.gojp/cgi-bin/tran.web.cgi_eije 


2006/05/25 


JP, 


'.20p0-248338.A [DETAILED DESCRIPTION] 


7/11 /<— 


1 




- at 5) 

( ntt %s m 








YS 
IPt 



m 

lb 

C 

Mn 

S f 

p 

s 

A 1 

N 

B 

T 1 



FDT 

CT 

m 

% 


ft 

T5 
Vi 

El 

n 

1 

1.12 

1.4S 

0.01 

fl.QI2 

0.001 

0.014 

0.0044 

0.1021 

0.0051 



070 

ill 

55 

710 


215 

457 

11 

p 

2 

0.11 

1.47 

0.02 

1.011 

0.007 

0.011 

0.0021 

0.1022 

0.0040 



170 

ISO 

55 

700 

610 

211 

441 

16 

p 

J 

0. II 

0.11 

1.02 

1.013 

0.000 

O.OIS 

0.0012 

0.0010 

0.0040 


MS 
fWtm 

070 

SH 

cc 

700 


205 

417 

15 

p 

4 

0.11 

i.a 

1.01 

fl.010 

O.QO$ 

0.045 

o.ooa 

0.0011 

0.0010 


IMS 
mm 

170 

660 

55 

710 


211 

451 

16 

p 

S 

O.ll 

Ml 

1.04 

0.011 

0.Q12 

0.041 

0.0011 

0.0017 

0.0010 


W7c 

170 

NO 

59 

710 

690 

101 

520 

21 

p 

f 

O.ll 

1.52 

1.0] 

0.011 

0.001 

0.031 

0.1010 

0.0105 

0.0010 


w7z 

170 

160 

$5 

700 

600 

211 

441 

14 

p 

7 

0. 14 

I.II 

i. 02 

0.015 

O.OII 

0.042 

O.IOII 

O.OIH 

o.ooso 


mm 

070 

no 

55 

710 


275 

441 

11 

p 

1 

0,11 

0.11 

1.02 

0.011 

O.OU 

1.040 

O.OOII 

0.0122 

0.0010 


fvm 

070 

ISO 

55 

TOO 


271 

462 

11 

p 

• 

0.12 

1.41 

1.13 

0.111 

0.001 

1.011 

0.0071 

O.Hll 

o.ooso 


A«* 

v7c 

170 

flO 

as 

700 

610 

215 

455 

11 

p 

11 

0.01 

2.4S 

fl.ll 

0.014 

0.005 

0.047 

0.1007 

O.NOS 

0.0040 


wBm 

110 

410 




MS 

414 

10 

p 

11 

0.11 

KSI 

O.IS 

0.012 

I.OII 

0.020 

0.1120 

0.0027 

0.0050 


tWm 

070 

000 

50 

000 


207 

451 

15 

c 

12 

0.12 

t.SI 

O.H 

O.ODI 

1.011 

0.024 


0.0011 

0.0040 


/vm 

170 

000 

50 

100 


271 

462 

14 

c 

11 

0.11 

1.41 

0.t2 

0.010 

I.OtI 

0.044 

0.0044 

0.0001 

0.0040 


/wm 

• f u 

CCA 
if 0 

SO 

too 


215 

471 

II 

c 

14 

0.1J 

tTP 

0.11 

0.012 

1.000 

0.011 

O.OOII 

0.0025 

0.0010 

- 

Jim 

070 

160 

SO 

100 

— 

282 

412 

11 

c 

15 

0. 12 

1.55 

0.02 

O.OII 

1.011 

0.021 

0.0111 

0.0021 

fi OltD 


M 

170 

160 

50 

100 

III 

n4 

411 

22 

c 

If 

e.oi 

2.01 

0.02 

0.010 

1.015 

0.011 

0.0121 

0.0045 

O.OOSO 

- 


170 

660 

50 

100 


210 

457 

11 

c 

17 

1. Di 

1.51 

1.00 

0.011 

O.OOO 

0.027 

0.0121 

0.0021 

0.0040 

Cr:0.50 

mt 

III 

ISO 




162 

511 

21 

p 

IS 

l.ll 

1.51 

0.02 

0.012 

O.OQI 

O.OU 

0.002S 

1.0021 

0.0010 

No:O.SO 

KB 

091 

501 




101 

455 

10 

p 

II 

0.17 

1.4S 

0.01 

0.011 

0.007 

o.ia 

0.003S 

1.0022 

O.OOSO 

11:1.10 
Curl. 00 


070 

681 

60 

000 


201 

476 

11 

p 

20 

0.12 

I.SQ 

0.02 

0.014 

0.000 

0.011 

0.0011 

0.0020 

l.00«0 

Cr:0.10 
ilo:0.20 

mi 

170 

661 

60 



277 

441 

IS 

p 


[0037] Moreover, the sample steel plate blank test piece was extracted, high-frequency heating 
of the predetermined field was carried out at 900 degrees C. heating was promptly suspended 
after this temperature attainment and the microstructure was questioned, while investigating 
quenching and hardness distribution of the quenching section circumference and asking for the 
average hardness of the quenching section by cooling according to the cooling conditions shown 
in a table 2. Moreover, after manufacturing the three impacts bending test member and 
tempering on the quenching conditions of a table 2 like Example A at least at the said division, 
said three impacts bending test was performed, and impact absorbed energy was measured, and 
the crack generating situation of the bending section after a trial was observed. These results 
are shown in a table 2. The microstructure in a table shows the organization which occupies 50% 
or more at the rate of area, and the remainders are a ferrite and/or retained austenlte. 
Moreover, the graph which arranged the effect sample No.1-13 and per 16 N and B affect 
hardenability is shown in drawing 6 . The figure in drawing shows "Sample No. the average 
hardness (Hv) of the /quenching section." Moreover, an example of the hardness distribution 
measurement result of the quenching section circumference is shown in drawing 7 (sample 
No. 13) and drawing 8 R> 8 (sample No.7). In addition, the quenching section in drawing 7 and 
drawing 8 corresponds to the dottedHine location of the center section of the quenching field 
(slash field) of drawing 2 . 
[0038] 
[A table 2] 


http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi.ejje 


2006/05/25 


• ' JP.2000-248338.A [DETAILED DESCRIPTION] 


8/11 i? 


* 

urn 

M. 

flIX 

(Hv) 


mm^ amtf 

(J) 

Ativan 

11 41 

1 


4 1 6 

H 

2 4 7 6 


nnam 

2 


4 1 3 

M 

2 4 5 8 



3 


427 

M 

2 5 4 2 

«/ 


4 


397 

M 

2 3 6 3 



5 


42 9 

M 

2 5 6 4 

U\j 


6 


365 

M 

2 17 3 

tilt 


7 


3 6 9 

M 

2 19 6 

tUlf 


8 


374 

M 

2 2 2 6 

ttL. 


9 


3 3 8 

M 

2 0 12 



1 0 


3 3 5 

M 

19 9 4 



1 1 


2 8 1 

M 

12 8 7 



1 2 


2 8 7 

M 

13 14 



1 3 


344 

M 

16 7 5 

40 V 


T 4 


4 35 

M 

1 9 9 2. 



1 5 


427 

M 

1955 



1 6 


396 

M 

18 13 

Btj 


1 7 


4 3 3 

B 

25 77 



1 8 


407 

B 

2423 



1 9 


4 1 2 

B 

2452 



20 


425 

B 

2530 




[0039] A passage clear from a table 2 and drawing 6 , ** reaches [ N ] sample No.1 1 0.010%, in 
1 2, the hardness of the quenching section is less than 300Hv(sX and sufficient quenching 
hardness is not obtained, but it turns out that a consolidation is inadequate. Moreover, the 
absorbed energy of these samples is also low. Since the amount of N is excessive, this is 
guessed because it becomes inadequate decomposing [ of BN at the time of being high- 
frequency heating ]. 

[0040] Moreover, from a table 2 and drawing 6 , although sample No. 16 of 0.004% ** and B of B 
were [ the hardness of the quenching section ] good at less than 0.0005% of sample No.1 3, 
absorbed energy was low and the crack occurred in the bending section. Since the amount of B 
is excessive at sample No.1 6. this is Fe2 B to a grain boundary. It is because it deposited and, on 
the other hand, is because there were too few amounts of B and sufficient hardenability was not 
acquired in sample No.1 3. Incidentally, although average hardness is as good as 344Hv(s) a 
passage clear from drawing 7 , unevenness is in the hardness of the quenching section, and if 
hardness distribution of sample No.1 3 is seen, if it lengthens, in order that unevenness may arise 
about reinforcement and deformation may concentrate on a part with low reinforcement, what 
the crack produced will be coruectured. In addition, although hardness distribution of sample No.7 
of the example of invention is shown in drawing 8 , in this example, the average hardness of the 
quenching section is 369Hv(s), and, moreover, the hardness in the quenching section is also 
uniform. 

[0041] Moreover, from a table 2, by sample No.1 7-20 (example of invention) which added the 
improvement element in a property other than a fundamental component, since the 
microstructure is a bainite subject, much more improvement in absorbed energy is accepted. 
[0042] [Example C] The steel shown in the following table 3 was ingoted, and cold rolled sheet 
steel (1.6mm of board thickness) was manufactured for the slab with hot rolling (finishing 
temperature of 860 degrees C, winding temperature of 550 degrees C), and cold rolling (the rate 
of cold-rolling of 60%, recrystallization annealing temperature of 700 degrees C). Using the 
sample offering steel plate extracted from this cold rolled sheet steel, as shown in drawing 9 . 
high-frequency induction hardening was given ail over the sample offering steel plate on the 
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qCienching conditions which send in the steel plate guide 21 to the sample offering steel plate W 
among the high frequency coil 22 and cooled nozzles 23 and 23 by which opposite arrangement 
was carried out and show it in a table 4. A thermo-cycle time is about 3 seconds, and was 
promptly cooled after hardening temperature attainment 
[0043] 


[At 

able 3] 

mm 


<l 


A 

» ( nil IMrlUin&Fe) 



c 

S i 

Mn 

P 

s 

A 1 

N 

e 

T 1 

Cr 

Mo 

m « 

A 

0.1S 

<0.02 

1.60 

0.010 

0.005 

0.035 

0.003 

0.0030 

<0.01 

<0.02 

<0.02 

9tmm 

B 

0.13 

<0.02 

1.S2 

0.005 

0.007 

0.030 

0.035 

0.0025 

<0.01 

<0.02 

<0.02 

M 

C 

0.10 

<Q.Ot 

1.05 

0.012 

0.007 

0.027 

0.033 

0.0033 

<o.oi 

0. 30 

<0.02 

M 

D 

0.13 

<D.02 

0.95 

0.010 

0.006 

0.033 

0.004 

<0.0003 

<0.01 

<0.02 

<0.02 


E 

0.13 

<0.02 

2.00 

0.011 

0.005 

0.028 

0.028 

<0.0003 

<0.01 

<0.02 

<0.02 

» 

F 

0.18 

<0.02 

1.50 

0.010 

0.006 

0.031 

0.003 

0.0028 

<0.01 

0.50 

0.30 



[0044] While extracting the test piece for tensile test from the obtained high-frequency- 
induction-hardening consolidation steel plate and asking for maximum stress (static TS) under 
low-speed **** (speed-ofHesting 2 mm/sec), it asked for maximum stress (dynamic TS) under 
high-speed **** (speed-of-testing 10 m/sec), and asked for the static-dynamic ratio. In 
addition, stress attached the strain gage to both sides of a test piece, and computed it from the 
average load measured by this. Moreover, the organization observation piece was extracted from 
the high-frequency-induction-hardening consolidation steel plate, microscope observation of the 
trace of the old austenite grain boundary before quenching was carried out, and the diameter of 
average crystal grain was measured. These results of an investigation are collectively shown in a 
table 4. Moreover, the graph which arranged the relation between a static-dynamic ratio and the 
old austenite particle size is shown in drawing 10 . In addition, the tensile strength before 
quenching was also collectively shown in a table 4. 
[0045] 
[A table 4] 


fiD. 

mm 

No. 

mxm 

TS 

mx 

aut 

t: 


»B4 

TS 
Mpi 

TS 

l»»it 

Its 

MB 

fi n 

3 1 

B 

466 

900 


1250 

1413 

1.13 

20 


3 2 

B 

« 

800 


1050 

1155 

1.10 

10 

a 

3 3 

F 

456 

900 


1025 

1146 

1.12 

12 

a 

34 

A 

460 

900 


1320 

1412 

1.09 

16 

a 

3 5 

A 

« 

600 


1013 

1124 

1.11 

12 

a 

3 6 

C 

455 

900 


1033 

1126 

1.09 

15 

a 

3 7 

c 

« 

600 


961 

1079 

1.10 

11 

a 

3 8 

D 

444 

1000 


1350 

1391 

1.03 

83 


3 9 

D 

9 

900 

9 

1180 

1239 

1.04 

45 

a 

4 0 

D 

« 

800 

a 

965 

1033 

1.03 

26 

a 

4 1 

E 

460 

800 

a 

1350 

1391 

1.03 

34 

a 

4 2 

E 

a 

800 


1250 

1313 

1.05 

28 

m 


[0046] For sample No.31-37 [ drawing 10 / a table 4 and ] using invention steel, the old 
austenite particle size is 20 micrometers. It is the following and it was guessed that a static- 
dynamic ratio is a high value as compared with the example of a comparison, and is excellent in 
an impact-absorbing property. 

[0047] Furthermore, steel type A-C (invention steel) of a table 3 is used, and after cold-rolling 
to 1.6mm of board thickness, it is 45g/m2 in both sides at a continuation hot-dip-zincing line 
further. Hot dip zincing was given, the three impacts bending test member 1 was manufactured 
like Example A. and high-frequency induction hardening was performed at least in the said 
division on condition that the following table 5. A thermo-cycle time is about 3 seconds, and was 
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p>omptly cooled after hardening temperature attainment 

[0048] The existence of the galvanization layer in the quenching section of a trial member was 
observed after high-frequency induction hardening. Furthermore, the paint film friction test was 
performed in the following way, and the existence of exfoliation of the paint film formed in the 
quenching section was investigated. A trial member is degreased, it is immersed in phosphate 
processing liquid for 2 minutes at 40 degrees C after rinsing desiccation, a phosphate coat is 
formed in the quenching section, and they are after rinsing desiccation and about 20 
micrometers of thickness. The paint film was formed by electropainting. After desiccation and 
10x10mm2 The grid of 1mm pitch was put into the test area with the cutter knife, it was 
immersed into 240hrs pure water at 40 degrees C, and adhesive tape was stuck and torn off to 
the test area after desiccation, and when the number of those to which the paint film exfoliated 
50% or more in the grid of 1mm angle was also one, it judged with those with exfoliation (x). 
:0049] 
;A table 5] 


No. 

mm 

Mo. 

am 

t: 


mz 


wamm 

*y : X 

5 1 

B 

600 

• 

352 

o 

o 

5 2 


900 


MS 

o 

o 

5 3 


1000 

g 

419 

o 

o 

5 4 

A 

soo 


310 

o 

o 

5 5 

M 

900 

» 

337 

o 

o 

5 6 
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MOO 

9 

343 

X 

X 

5 7 

c 

800 
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302 

o 

o 

5 8 

# 

900 

a 

321 

o 

o 

5 9 


1100 

a 

373 

X 

X 


[0050] In what made hardening temperature 1000 degrees C or less, and performed high- 
frequency induction hardening from a table 5 using invention steel (57 sample No.51-55, 58), the 
hot-dip-zincing layer remained and excelling also in the adhesion of a paint film was confirmed. 
[0051] [Example D] After ingoting the steel of the following presentation, hot-rolling the 
continuous casting slab to 4.0mm of board thickness (finishing temperature of 870 degrees C, 
winding temperature of 660 degrees C), cold-rolling to 2.0mm of board thickness (50% of rates of 
cold-rolling) and performing recrystallization annealing temperature at 720 degrees C in a 
continuous-annealing hot-dip-zincing line, hot dip zincing (the amount of plating: both sides 45 
g/m2) is given at 460 degrees C. and it is 690 degree-Cx7sec succeedingly. Alloying processing 
was performed. The sample offering steel plate (it is 2.0tx40wx300L at mm) was extracted from 
the obtained alloying hot-dip zinc-coated carbon steel sheet, and the high-frequency-induction- 
hardening equipment of drawing 9 was used and quenched at this. 
- Steel plate component (mass%, the remainder substantially Fe) 

C:0.13%. Mn:1.98%, P:0.013%, S:0.012%. aluminum:0.041%, Ti<0.01%, N:0.004%, 8:0.0037% [0052] 
Thermo-cycle times are 3sec(s). The feed rate of a steel plate was aciiusted and the existence 
of a plating layer and Fe content in a plating layer were investigated about the sample offering 
steel plate which carried out water cooling after quenching with various hardening temperature 
so that it might become extent. The graph which arranged the relation between hardening 
temperature and Fe content is shown in drawing 1 2 . From drawing 1 2 , it was checked that a 
plating layer remains [ hardening temperature ] below 1000 degrees C. Moreover, it was checked 
that the amount of Fe(s) in a plating layer is also about 25% or less. 

[0053] Next, hardening temperature was made into 700 degrees C, 800 degrees C, 900 degrees 
C, and 1000 degrees C, the cooling rate after heating was adjusted, and high-frequency induction 
hardening was performed under various thermo-cycle times. Fe content in the plating layer of 
the obtained steel plate is investigated, and the graph which arranged the relation between a 
thermo-cycle time and Fe content is shown in drawing 1 3 . From drawing 13 . thermo-cycle 
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tihies are 60sec(s). Below, it was checked that Fe in a plating layer has stopped to about 35% or 
less. 

[0054] Furthermore, the corrosion spool (it is 2.0tx70wx150L at mm) was extracted from said 
sample offering steel plate which performed high-frequency induction hardening in various 
thermo-cycle times, and the corrosion test was performed. The corrosion test was carried out 
by measuring the maximum hole vacancy depth after 1 70 cycles by making the following process 
into 1 cycle according to the JASO automobile ingredient corrosion approach. The result is 
shown in drawing 14 . 

" 1 cycle process ** salt water (35-degree-C, 5% of concentration) fuel-spray: — 8hr** 
desiccation (60-degree-C, 30% of relative humidity): — 4hr** humidity (50-degree-C, 90% of 
relative humidity) exposure: — the amount of Fe(s) in a plating layer from 2hr drawing 14 , if it is 
35% or less The maximum hole vacancy depth is 500 micrometers. It is 200 micrometers, if it is 
below extent and is 25% or less. It has stopped at extent and the thing equipped with the 
corrosion resistance which is satisfactory practically to be was checked. 

[Effect of the Invention] Since according to this invention a grain boundary is strengthened while 
hardenability improves by free B produced by decomposition of BN on the occasion of high- 
frequency heating, and preventing austenite grain growth in case it is quenching since Ti, N, and 
B were regulated in the specific range, the mechanical property of the quenching section 
becomes homogeneity and it excels not only in reinforcement but in toughness, and a static- 
dynamic ratio improves and the outstanding shock resistance is obtained. 
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'^NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


TECHNICAL FIELD 


[The technical field to which invention belongs] This invention relates to the steel plate which 
can attain high intensity-ization of a member by carrying out high-frequency induction hardening 
of the necessary part a high-frequency-induction-hardening consolidation member, and its 
manufacture approach after processing a required configuration especially about raw material 
steel plates for processing, such as a member for automobiles. 
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♦•NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 


PRIOR ART 


[Description of the Prior Art] The property which absorbs the striking energy at the time of a 
collision may be required of the shaping member for automobiles which processed sheet steel by 
deforming, without the member breaking thoroughly at the time of an automobile collision. The 
reinforcing materials for striking-energy absorption are attached to the member as which such a 
property is required, and it is designed so that demand characteristics may be satisfied For 
example, since the shocking deformation by three-point bending produces the center pillar which 
is the important member of an automobile side face at the time of a collision, reinforcing 
materials are used for the part bending deformation is expected to be. 
[0003] On the other hand, for lightweight-izing of an automobile, it is desirable to omit 
reinforcing materials. For that, it is possible to use a high-strength steel plate as a raw material 
steel plate. However, a high-strength steel plate has the problem of being inferior to a 
moldability. Then, instead of using reinforcing materials or a high-strength steel plate in recent 
years, a steel plate with comparatively low reinforcement is used, it fabricates in a 
predetermined configuration, and the technique which gives high-frequency induction hardening 
and carries out a quenching consolidation after shaping is being applied to the part which needs 
reinforcement 

[0004] When applying this technique, it is necessary to raise the hardenability of a raw material 
steel plate. B addition is well used as a means which raises the hardenability of steel. Although 
free B in steel participates in hardenability in that case, since B is an element which is very easy 
to combine with N in steel, if B combines with N and generates boron nitride (BN), the quenching 
effectiveness of B will disappear. For this reason, adding Ti which is easy to combine with N 
more than N equivalent fixing N in steel as TiN. preventing association with N and B. and 
securing free B from B is performed 
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EFFECT OF THE INVENTION 


[Effect of the Invention] Since according to this invention a grain boundary is strengthened while 
hardenability improves by free B produced by decomposition of BN on the occasion of high- 
frequency heating, and preventing austenite grain growth in case it is quenching since Ti, N. and 
B were regulated in the specific range, the mechanical property of the quenching section 
becomes homogeneity and it excels not only in reinforcement but in toughness, and a static- 
dynamic ratio improves and the outstanding shock resistance is obtained. 


[Translation done.] 


http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 


2006/05/25 


JP.2000-248338A [TECHNICAL PROBLEM] 


1/1 y<-V 


NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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TECHNICAL PROBLEM 


[Problem(s) to be Solved by the Invention] The impact-absorbing property at the time of a 
collision is important for a center pillar, a bumper phosphorus force, etc. which are a member for 
automobiles, when attaining a consolidation with the application of a quenching consolidation to 
these members, it does not say that what is necessary is just to form a high degree of hardness 
only for a consolidation, and a crack does not occur at the time of collision deformation, but it is 
important for the quenching section that impact absorbed energy is large. 

[0006] However, when N was fixed by Ti and B was added, it was easy to generate a crack in the 
quenching section, and it became clear that an impact-absorbing property did not necessarily 
improve. When that cause was investigated, big and rough TiN existed in the fracture surface, 
and that from which this TiN has caused generating of a crack was presumed. In order to 
generate at the time of the ingot of steel, TiN is made big and rough and distributed in a raw 
material. Furthermore, in heating at the time of quenching, it does not decompose but after 
quenching exists as it is. Therefore, it is effective to reduce the amount of Ti as much as 
possible to control the crack of the quenching section and raise an impact-absorbing property. 
However, if it does so, the improvement effectiveness in hardenability of B can also be expected 
no longer according to reduction of the amount of Ti. 

[0007] This invention offers the steel plate for high-frequency induction hardening which was 
made in view of this problem, was excellent in hardenability, and was excellent in the impact- 
absorbing property which the quenching section moreover equipped with toughness, a high- 
frequency-induction-hardening consolidation member, and its manufacture approach. 


[Translation done.] 


http:/ / www4.ipdl.ncipi.go.jp/ cgi-bin/tran.web.cgi.ejje 


2006/05/25 


JP.2000-248338,A [MEANS] 


1/5 K-^J 


NOTICES* 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


MEANS 


[Means for Solving the Problem] The steel plate for high-frequency induction hardening of this 
Invention indicated to claim 1 is mass%. and consists of the remainder Fe and an unescapable 
Impurity including less than [ aluminum:0.06% ], less than [ Ti:0.015% ], N:0.010% or less, and 
B:0.0005 - 0,0040% C:0.05 - 0.20%, Mn:0.3-2.5%, P:0.02% or less, and S:a02% or less. Since Ti, N, 
and B were regulated to the specified quantity according to this steel plate, the improvement 
operation in hardenability by B, front [ quenching ] austenite grain growth depressant action, and 
the potentiation of the grain boundary are heating of a short time like high-frequency heating 
conjointly, moreover, even if hardening temperature is comparatively low. the quenching 
effectiveness can fully be demonstrated and an impact-absorbing property can be raised by 
improvement in toughness of the quenching section. 

[0009] It is thought that the steel plate of this invention can contain any one or more sorts of Si. 
Cr, Mo, V, W, Cu, and nickel 1.0% or less if needed, respectively, and can raise an impact- 
absorbing property more by content of these elements as indicated to claim 2 besides the above 
fundamental component. 

[0010] Moreover, it is formed with said steel plate for high-frequency induction hardening, high- 
frequency induction hardening is given to the part which raises reinforcement and the high- 
frequency-induction-hardening consolidation member of this invention indicated to claim 3 is 
excellent in an impact-absorbing property. 

[0011] It is formed by the hot-dip zinc-coated carbon steel sheet which makes a blank said steel 
plate for high-frequency induction hardening, and high-frequency induction hardening is given to 
the part which raises reinforcement, a plating layer comes to remain in the quenching section, 
and the high-frequency-induction-hardening consolidation member of this invention indicated to 
claim 4 is excellent in an impact-absorbing property, and, moreover, excellent also in paintwork 
and corrosion resistance. An alloying hot-dip zinc-coated carbon steel sheet is contained in said 
hot-dip zinc-coated carbon steel sheet 

[0012] The old austenite particle size before quenching observed in the quenching section in 
these high-frequency-induction-hardening consolidation members as indicated to claim 5 is 20 
micrometers. By considering as the following A static-dynamic ratio (when the maximum stress 
in the case of being the high-speed deformation sigmaA and whose deformation velocity are 10 
m/ sec extent about the maximum stress in the case of being the low-speed deformation whose 
deformation velocity is 2.0 mm/sec extent is set to sigmaB in a tension test it is static-dynamic 
ratio =sigmaB/sigmaA) can be raised, and the outstanding impact-absorbing property is acquired. 

[0013] Moreover, the manufacture approach of the high-frequency-induction-hardening 
consolidation member of this invention indicated to claim 6 forms in a predetermined 
configuration the steel plate for high-frequency induction hardening indicated to claims 1 or 2, 
and gives high-frequency induction hardening to the part which raises reinforcement with Ar of 
three or more points, and the hardening temperature of 1000 degrees C or less. Moreover, the 
manufacture approaches of the high-frequency-induction-hardening consolidation member of 
this invention indicated to claim 7 are 60sec(s) about a thermo-cycle time until it forms in a 
predetermined configuration the steel plate for high-frequency induction hardening indicated to 
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ctaims 1 or 2, and is 1000 degrees C or less in three or more AKs) and hardening temperature, 
and it arrives at the part which raises reinforcement from the heating initiation in the case of ' 
quenching at hardening temperature and it is cooled by 350 degrees C after that High-frequency 
induction hardening made into the following is given, since the hot-dip zinc-coated carbon steel 
sheet (an alloying hot-dip zinc-coated carbon steel sheet is included.) which makes a blank the 
steel plate for high-frequency induction hardening indicated to claims 1 or 2 or the steel plate 
for high-frequency induction hardening concerned in these invention is used — shaping — easy 
— moreover, hardening temperature — the old austenite particle size before quenching of 1000 
degrees C or less which quenching of at low temperature is attained comparatively, and is 
observed in the quenching section — 20 micrometers It can consider as the following and excels 
in an impact-absorbing property. And the deformation after quenching can also be reduced with 
low-temperature quenching. Furthermore, in the case of a hot-dip zinc-coated carbon steel 
sheet, since hardening temperature is as low as 1000 degrees C or less, if it can prevent that a 
galvanization layer disappears by evaporation and lengthens in case it is quenching, degradation 
of the paintwork by generation of an iron system oxide film can be prevented. And they are 
60sec(s) about a thermo-cycle time (refer to drawing 1 1 ). Since it considers as the following, in 
case a hot-dip-zincing layer is quenching, too much alloying, i.e., corrosion resistance 
degradation by Fe atom being spread too much in a hot-dip-zincing layer, can be prevented 
[0014] 

[Embodiment of the Invention] this invention person noted that BM decomposed also whenever 
[ stoving temperature / at the time of high-frequency induction hardening ]. However, in 
quenching by high-frequency heating, whether as compared with heat treatment usual in heating 
time, sufficient free B which BN fully decomposes and contributes to improvement in 
hardenability since it is short is securable poses a problem. As a result of investigating the 
hardenability and impact absorbed energy of a steel plate which ingoted the steel of various Ti 
and N, and the amount of B, and were manufactured, so, under Ti, N, and B of the amount of 
specification The quenching effectiveness by B could fully be demonstrated also with heating of 
a short time like high-frequency heating, and a crack did not occur at the time of the high-speed 
deformation at the time of a collision etc., but the knowledge of a value also with high impact 
absorbed energy being acquired is carried out, and it came to complete this invention. 
[0015] That is. the steel plate for high-frequency induction hardening of this invention is mass%. 
and consists of the remainder Fe and an unescapable impurity including less than 
[ aluminum:0.06% ], less than [ Ti:0.015% ], N:0.010% or less, and B:0.0005 - 0.0040% C:0.05 - 
0.20%, Mn:0.3-2.5%, P:0.02% or less, and S:0.02% or less. 

[0016] Here, the reason for component definition of the steel plate of this invention is explained. 
Although it is the important element with which C:0.05 - 2.0%C determines quenching hardness, 
at less than 0.05%, required hardness (they are 300 or more Hvs at Vickers hardness number 
(load Ikgf)) is not obtained. For this reason, the minimum of the amount of C is preferably made 
Into 0.10% 0.05%. On the other hand, since it will become easy to produce delayed fi^acture in the 
quenching section if it exceeds 2.0%, an upper limit is preferably made into 0.18% 2.0%. 
[0017] Mn: It is the element which raises hardenability 0.3 to 2.5% as for Mn, and at less than 
0.3%. the improvement operation in hardenability becomes [ too little ], and it becomes difficult to 
obtain required quenching hardness. For this reason, the minimum of the amount of Mn is more 
preferably made into 1 .0% 0.5% 0.3%. On the other hand, it is easy to carry out the 
microsegregation of Mn at the time of casting, and after quenching is not canceled, but this 
segregation makes an upper limit 2.0% preferably 2.5% in order to promote lowering and delayed 
fracture of toughness. 

[0018] In order for P:0.02%or less P as well as Mn to be the element which carries out 
microsegregation, to produce remarkable main segregation (segregation in a board thickness 
center section) if it is so good that it is few and 0.02% is exceeded, and to promote delayed 
fracture, an upper limit is preferably made into 0.015% 0.02%. 

[0019] It is so good that there is since S:0.02%or less S combines with Mn. generates MnS, 
degrades the workability of a steel plate and also becomes the origin of delayed fracture, and 
makes an upper limit 0.015% preferably 0.02%. [ little ] 
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[0020] aluminum: Although aluminum is added as deoxidation material 0.06% or less, since the 
inclusion of an alumina system will increase and surface discontinuity, such as HEGE and sliver, 
will increase rapidly if 0.06% is exceeded, make an upper limit into 0.05% preferably 0.06%. 
[0021] Since TiN big and rough in 0.015% ** comes to arise although it has the operation which 
controls that combine Ti:0.015%or less Ti with an N and precedence target, and B combines with 
N, high-frequency heating does not decompose this TiN. either but it exists during an 
organization, a crack comes to occur at the time of high-speed deformation a passage clear [ to 
the after-mentioned ] from an example. For this reason, it may be 0.010% or less more preferably 
0.012% or less 0.015% or less, 

[0022] In order for N to combine with B N:0.010% or less and to decrease the free amount of B in 
steel, little direction is good, but since too much reduction raises a manufacturing cost with the 
difficulty on steel manufacture, it is good to make a minimum into 0.0010% preferably. On the 
other hand, since the improvement effect of the hardenability by B can be demonstrated no 
longer if 0.010% is exceeded, an upper limit is preferably made into 0.008% 0.010%. 
[0023] B:0.0005 - 0.0040%B is an important element with which hardenability is made to improve 
and quenching organization sufficient also at low temperature is obtained. Moreover, when it 
heats to hardening temperature, i.e., austenitizing temperature, it is the element which B 
depositing in the austenite grain boundary, and there being low-temperature quenching being 
possible and an operation which controls grain growth coruointly. being able to attain detailed- 
ization of a quenching organization, and raising a static-dynamic ratio by this cuts. The deposit 
to said grain boundary is also the element which can raise the toughness of a low-temperature 
transformation organization further again in order to raise the reinforcement of a grain boundary. 
Since the amount [ with the effective amount of B ] of B in the case of quenching at less than 
0.0005% cannot be secured but the above-mentioned operation becomes [ too little ], a minimum 
is more preferably made into 0.0025% 0.0010% 0.0005%. On the other hand, it is Fe2 B when 
0.0040% is exceeded (nitriding iron) It comes to generate, and this serves as an origin of the 
crack at the time of high-speed deformation, and reduces the absorbed energy at the time of 
impact bending deformation on the contrary. For this reason, an upper limit is preferably made 
into 0.0035% 0.0040%. 

[0024] Although the steel plate of this invention consists of the above fundamental component, 
Remainder Fe, and unescapable impurity, content of other elements cannot be barred in the 
range which does not spoil the operation effectiveness of said fundamental component, and the 
element which raises the property of a steel plate more further can be made to contain. As such 
an element, any one or more sorts of Si. Or, Mo, V. W, Cu, and nickel can be contained 1.0% or 
less, respectively. 

[0025] These elements bainiteHze the microstructure of the quenching section, and raise 
ductility, while contributing to prevention of crack generating, required quenching reinforcement 
can be secured, and Cu and nickel are further contributed also to an improvement of a delayed 
fracture-proof property. For demonstrating this operation effectively. 0.05% or more of content is 
respectively desirable. If it adds too much, in order, as for Si, Or, Mo. V, and W, for chemical 
conversion nature to deteriorate and for hot tearing and the surface crack resulting from a scale 
to produce Cu and nickel on the other hand, an upper limit is respectively made into 0.60% 
preferably 1.0%. In addition, a microstructure does not necessarily need to be bainite single phase 
and a ferrite, carbide, etc. may be contained Moreover, these elements cannot be used as the 
basic element for a hardenability improvement The reason is because chemical conversion 
nature deteriorates, or quenching arises at the time of steel plate manufacture and reservation 
of the workability of the raw material steel plate before a high-frequency-induction-hardening 
consolidation becomes difficult, when hardenability is improved by these elements. 
[0026] Said steel plate for high-frequency induction hardening ingots the steel of a 
predetermined component and is manufactured hot rolling or by cold-rolling further with a 
conventional method The steel plate organization which gave hot dip zincing further after hot- 
rolling, cold-rolling, or cold-rolling is a ferrite and a pearlite organization, since the tensile 
strength in front of high-frequency induction hardening is below 500MPa extent it is easy press 
forming and it can fabricate it easily in a predetermined member configuration. The high- 
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f?equency-induction-hardening consolidation member of this invention is obtained after shaping 
by performing RF quenching to the part (all the fields of a member being included.) whose 
reinforcement wants to improve. In addition, the cooling approach after quenching can take 
proper approaches, such as contact of water cooling, Myst cooling, air-water cooling, air cooling 
(forced-air cooling is included.), and cooling metal mold, according to board thickness. 
[0027] Although hardening temperature is 1 000-degree-C super-**(ed) in the carbon steel plate 
which has C content specified by this invention In order to usually enlarge austenite particle size 
before quenching in order to obtain martensite with quenching, and to raise hardenability by this 
this invention — the improvement operation in hardenability of B — hardening temperature — 
comparatively — low temperature — it can set up — 1000 degrees C or less — desirable — 
950 degrees C or less — more — desirable — 900 degrees C or less — it can carry out at low 
temperature comparatively. It is 20 micrometers about the old austenite particle size conjointly 
observed after quenching by setting hardening temperature as such temperature with the 
austenite grain growth depressant action by the grain boundary deposit of B. It can consider as 
the following. It is 20 micrometers about the old austenite particle size. It is 1 5 micrometers 
preferably hereafter. If the static-dynamic ratio of the quenching section can be raised and is 
lengthened by considering as the following, the impact-absorbing property of a high-frequency- 
induction-hardening consolidation member can be raised. 

[0028] Drawing 1 is a stress distorted diagram for explaining the relation between a static- 
dynamic ratio and impact absorbed energy, and, for A in drawing, speeds of testing are 2 
mm/ sec. It is stress **** in the case of being low-speed **** which is extent, and, for B, 
speeds of testing are 10 m/sec. It is stress **** of high-speed ***♦ supposing the time of the 
collision which Is extent the ratio of maximum stress sigmaB of B [ as opposed to maximum 
stress sigma/ of A / A in a static-dynamic ratio ] — it is expressed with sigma B/sigma A. On 
the other hand, the field (field shown in the slash section about stress ♦♦♦♦A) surrounded by 
stress **♦* shows the impact absorbed energy at the time of deformation. The impact absorbed 
energy at the time of high-speed deformation becomes large, so that from drawing and a static- 
dynamic ratio is large. It becomes the thing equipped with the Impact-absorbing property which 
the impact-absorbing static-dynamic ratio also improved and was excellent while reinforcement 
improved by high-frequency induction hardening the passage clear from the below-mentioned 
example in the case of this invention steel plate, although it could not necessarily say that yes, 
an impact-absorbing property became advantageous only by a static-dynamic ratio tending to 
approach 1, so that reinforcement becomes large with a high-tensile-steel plate, such as a ten, 
and raising steel plate reinforcement. 

[0029] The steel plate of this invention can perform hot-dip-zincing processing after cold rolling, 
and can use it as a hot-dip zinc-coated carbon steel sheet Of course, alloying heat treatment Is 
performed after hot dip zincing, and it is good for it also as an alloying hot-dip zinc-coated 
carbon steel sheet. 

[0030] The high-frequency-induction-hardening consolidation member of this invention is 
obtained also by carrying out press forming to a predetermined configuration, and giving high- 
frequency induction hardening to the part which should be strengthened using such a hot-dip 
zinc-coated carbon steel sheet In this case, when hardening temperature is too high, in case It 
is quenching, zinc evaporates, a galvanization layer disappears, and there is a possibility that an 
oxide film may be further formed on the surface of a steel plate. If a galvanization layer 
disappears and an oxide film is formed, when painting a member front face, if the phosphoric acid 
salt coat which is the substrate of paint stops being able to adhere easily and lengthens, paint 
film adhesion deteriorates. In this invention, disappearance of a galvanization layer can be 
prevented according to an operation of B by being able to make hardening temperature low and 
making more preferably 1000 degrees C or less of 950 degrees 0 or less of hardening 
temperature into 900 degrees C or less, and good paint adhesion can also be secured. 
Furthermore, they are 60sec(s) about a thermo-cycle time (refer to drawing 1 1 ) until it reaches 
hardening temperature from the heating initiation In the case of quenching and is cooled by 350 
degrees 0 after that They are 30sec(s) preferably hereafter. They are lOsec(s) more preferably 
hereafter. Since too much alloying of a hot-dip-zincing layer can be controlled by considering as 
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tTie following, corrosion resistance degradation of a hot-dip-zincing layer can be prevented. 
Hereafter, although an example explains this invention still more concretely, this invention is not 
restrictively interpreted according to this example. 


[Translation done.] 
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♦"NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


EXAMPLE 


[Example] [Example A] The steel which added Ti of various rates to base steel is ingoted by 
using following A steel and B steel as the base. The slab is hot~rolled with a conventional 
method (finishing temperature of 870 degrees C, winding temperature of 650 degrees C). It cold- 
rolled (the rate of cold-rolling of 55%, recrystallization annealing temperature of 720 degrees C), 
cold rolled sheet steel of 1 .6mm of board thickness was manufactured, the three impacts 
bending test member shown in drawing 2 was manufactured, and impact absorbed energy was 
measured by the three impacts bending test 
- A steel (mass%, the remainder substantially Fe) 

C:0.12%, Mn:1.49%, P:0.013%, S:0.005%, aluminum:0.043%. N:0.041%, 8:0.0029% and B steel (mass%. 

the remainder substantially Fe) 

C, Mn, P. S, and aluminum are the same as A steel. 

N:0.033%, 8:0.0055% [0032] A cross section attaches a plate 3 to opening of the shaping member 
2 of a hat form, and as shown in drawing 2 , as shown in drawing, said trial member 1 carries out 
spot welding of the flange of the shaping member 2 in 40mm pitch. The dimension unit in drawing 
is mm and the slash section given to the corner (two places) of the upper part of the hat 
formation form member 2 shows the quenching section by high-frequency induction hardening 
which assembled the trial member and was formed behind. Quenching conditions made the 
thermo-cycle time about 5 seconds, it carried out water cooling to 900 degrees C after high- 
frequency heating, and the organization of the quenching section was martensitic structure. 
[0033] Said three impacts bending test is in the condition which added the 100kg load P to the 
position of symmetry of the both ends (load spacing of 500mm) of the trial member 1 
respectively as the hat formation form member 2 became caudad about said trial member 1. and 
was horizontally held as shown in drawing 3 , and is the core of the die-length direction of the 
trial member 1 to a bending fixture 10.6 m/sec It is made to collide and the impact absorbed 
energy produced at this time is measured Said impact absorbed energy with the laser 
displacement gage 11 formed in the location distant from the bending fixture 10 (a upside radius 
= 1 50mm) 200mm The variation rate (condition displayed by the two-dot chain line in drawing) of 
the flash when the trial member 1 and the bending fixture 10 contacted was set to 0, and the 
trial member 1 bent and deformed, and it asked by measuring the load which acted on the 
bending fixture 10 until the variation rate measured by the laser displacement gage 1 1 was set to 
70mm. Drawing 4 is drawing having shown the relation of said variation rate and load typically, 
and the area of the part shown with the slash in drawing shows an absorbed energy value. In 
addition, the load which acted on the fixture 10 was measured by the load cell 12 in which the 
bending fixture 10 was attached 

[0034] The result of the above-mentioned three impacts bending test is shown in drawing 5 . 
From this drawing, big and rough TiN generated the steel plate with which Ti content used A 
steel and B steel 0.015% in the high content region of **, the absorbed energy value in three 
impacts bending was low, and the crack was especially accepted in the quenching section by the 
thing [ amount / of 8 ] using B steel of this invention It turns out that the very big 

absorbed energy value is acquired as compared with the steel plate with which especially Ti 
content on the other hand, used B steel outside the invention range with the steel plate which 
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used A steel of this invention component range in 0.010% or less of low content region, and the 
outstanding shock resistance is obtained. 

[0035] [Example B] The steel shown in the following table 1 was ingoted, cold rolled sheet steel 
(1.6mm of board thickness), an alloying hot-dip zinc-coated carbon steel sheet (1.6mm of board 
thickness), and hot rolled sheet steel (2.0mm of board thickness) were manufactured according 
to the manufacture conditions which show the slab in this table, and the mechanical property 
was measured. The result is collectively shown in a table 1. 
0036] 
[A table 1] 
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[0037] Moreover, the sample steel plate blank test piece was extracted, high-frequency heating 
of the predetermined field was carried out at 900 degrees C, heating was promptly suspended 
after this temperature attainment, and the microstructure was questioned, while investigating 
quenching and hardness distribution of the quenching section circumference and asking for the 
average hardness of the quenching section by cooling according to the cooling conditions shown 
in a table 2. Moreover, after manufacturing the three impacts bending test member and 
tempering on the quenching conditions of a table 2 like Example A at least at the said division, 
said three impacts bending test was performed, and impact absorbed energy was measured, and 
the crack generating situation of the bending section after a trial was observed. These results 
are shown in a table 2. The microstructure in a table shows the organization which occupies 50% 
or more at the rate of area, and the remainders are a ferrite and/or retained austenite. 
Moreover, the graph which arranged the effect sample No.1-13 and per 16 N and B affect 
hardenability is shown in drawing 6 . The figure in drawing shows "Sample No. the average 
hardness (Hv) of the /quenching section." Moreover, an example of the hardness distribution 
measurement result of the quenching section circumference is shown in drawing 7 (sample 
No.13) and drawing 8 R> 8 (sample No.7). In addition, the quenching section in drawing 7 and 
drawing 8 corresponds to the dotted-line location of the center section of the quenching field 
(slash field) of drawing 2 . 
[0038] 
[A table 2] 


http://www4.ipdl.ncipi.go,jp/cgi-bin/tran_web.cgi.eiie 


2006/05/25 


JP.2000-248338.A [EXAMPLE] 


3/6 


em 

■0. 


(H v) 


(J) 

mmzAmif 


1 


4 t 6 

M 

2 4 7 6 



2 


4 1 3 

M 

2 4 5 8 



3 


427 

M 

2 5 4 2 

ttli 


4 


397 

M 

2 3 6 3 


If 

5 


42 0 

M 

2 5 5 4 



6 


365 

M 

2 173 

ftU 


7 


3 6 9 

M 

2 19 6 

ftU 


B 


374 

M 

2 2 2 6 



9 


338 

M 

2 0 12 



1 0 


3 3 5 

M 

19 9 4 



1 1 


2 8 1 

M 

12 8 7 

ftU 


1 2 


2 8 7 

M 

13 14 

tlv 

# 

1 3 


344 

M 

15 7 5 

ftu 


} 4 


4 35 

M 

1 9 9 2. 

36CU 


1 5 


4 2 7 

M 

1955 


a 

1 B 


3 96 

M 

18 13 

»u 

M 

1 7 


4 3 3 

B 

2577 


mm 

1 8 


407 

B 

2423 

OrU 

» 

1 9 


4 1 2 

B 

245 2 

)kU 


20 

Wi\ 4 25 

B 

2580 


W 


[0039] A passage clear from a table 2 and drawing 6 , ** reaches [ N ] sample No.1 1 0.010%, in 
12, the hardness of the quenching section is less than 300Hv(s), and sufficient quenching 
hardness is not obtained, but it turns out that a consolidation is inadequate. Moreover, the 
absorbed energy of these samples is also low. Since the amount of N is excessive, this is 
guessed because it becomes inadequate decomposing [ of BN at the time of being high- 
frequency heating ]. 

[0040] Moreover, from a table 2 and drawing 6 . although sample No.1 6 of 0.004% ** and B of B 
were [ the hardness of the quenching section ] good at less than 0.0005% of sample No.1 3, 
absorbed energy was low and the crack occurred in the bending section. Since the amount of B 
is excessive at sample No.1 6, this is Fe2 B to a grain boundary. It is because it deposited and, on 
the other hand, is because there were too few amounts of B and sufficient hardenability was not 
acquired in sample No.1 3. Incidentally, although average hardness is as good as 344Hv(s) a 
passage clear from drawing 7 , unevenness is in the hardness of the quenching section, and if 
hardness distribution of sample No.1 3 is seen, if it lengthens, in order that unevenness may arise 
about reinforcement and deformation may concentrate on a part with low reinforcement, what 
the crack produced will be conjectured. In addition, although hardness distribution of sample No.7 
of the example of invention is shown in drawing 8 , in this example, the average hardness of the 
quenching section is 369Hv(s), and, moreover, the hardness in the quenching section is also 
uniform. 

[0041] Moreover, from a table 2, by sample No.1 7-20 (example of invention) which added the 
improvement element in a property other than a fundamental component, since the 
microstructure is a bainite subject, much more improvement in absorbed energy is accepted. 
[0042] [Example C] The steel shown in the following table 3 was ingoted. and cold rolled sheet 
steel (1.6mm of board thickness) was manufactured for the slab with hot rolling (finishing 
temperature of 860 degrees C, winding temperature of 550 degrees C), and cold rolling (the rate 
of cold-rolling of 60%, recrystallization annealing temperature of 700 degrees C). Using the 
sample offering steel plate extracted from this cold rolled sheet steel, as shown in drawing 9 , 
high-frequency induction hardening was given all over the sample offering steel plate on the 
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quenching conditions which send in the steel plate guide 21 to the sample offering steel plate W 
among the high frequency coil 22 and cooled nozzles 23 and 23 by which opposite arrangement 
was carried out, and show it in a table 4. A thermo-cycle time is about 3 seconds, and was 
promptly cooled after hardening temperature attainment 
[0043] 
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[0044] While extracting the test piece for tensile test from the obtained high-frequency- 
induction-hardening consolidation steel plate and asking for maximum stress (static TS) under 
low-speed **** (speed-ofHesting 2 mm/sec), it asked for maximum stress (dynamic TS) under 
high-speed **** (speed-of-testing 10 m/sec), and asked for the static-dynamic ratio. In 
addition, stress attached the strain gage to both sides of a test piece, and computed it from the 
average load measured by this. Moreover, the organization observation piece was extracted from 
the high-frequency-induction-hardening consolidation steel plate, microscope observation of the 
trace of the old austenite grain boundary before quenching was carried out, and the diameter of 
average crystal grain was measured. These results of an investigation are collectively shown in a 
table 4. Moreover, the graph which arranged the relation between a static-dynamic ratio and the 
old austenite particle size is shown in drawing 10 . In addition, the tensile strength before 
quenching was also collectively shown in a table 4. 
[0045] 
[A table 4] 
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[0046] For sample No.31-37 [ drawing 10 / a table 4 and ] using invention steel, the old 
austenite particle size is 20 micrometers. It is the following and it was guessed that a static- 
dynamic ratio is a high value as compared with the example of a comparison, and is excellent in 
an impact-absorbing property. 

[0047] Furthermore, steel type A-C (invention steel) of a table 3 is used, and after cold-rolling 
to 1.6mm of board thickness, it is 45g/m2 in both sides at a continuation hot-dip-zincing line 
further. Hot dip zincing was given, the three impacts bending test member 1 was manufactured 
like Example A, and high-frequency induction hardening was performed at least in the said 
division on condition that the following table 5. A thenmo-cycle time is about 3 seconds, and was 
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promptly cooled after hardening temperature attainment 

[0048] The existence of the galvanization layer in the quenching section of a trial member was 
observed after high-frequency induction hardening. Furthermore, the paint film friction test was 
performed in the following way, and the existence of exfoliation of the paint film formed in the 
quenching section was investigated A trial member is degreased, it is immersed in phosphate 
processing liquid for 2 minutes at 40 degrees C after rinsing desiccation, a phosphate coat is 
formed in the quenching section, and they are after rinsing desiccation and about 20 
micrometers of thickness. The paint film was formed by electropainting. After desiccation and 
10x10mm2 The grid of 1mm pitch was put into the test area with the cutter knife, it was 
immersed into 240hrs pure water at 40 degrees C, and adhesive tape was stuck and torn off to 
the test area after desiccation, and when the number of those to which the paint film exfoliated 
50% or more in the grid of 1mm angle was also one, it judged with those with exfoliation (x). 
:0049] 
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[0050] In what made hardening temperature 1000 degrees C or less, and performed high- 
frequency induction hardening from a table 5 using invention steel (57 sample No.51-55, 58). the 
hot-dip-zincing layer remained and excelling also in the adhesion of a paint film was confirmed. 
[0051] [Example D] After ingoting the steel of the following presentation, hot-rolling the 
continuous casting slab to 4.0mm of board thickness (finishing temperature of 870 degrees C, 
winding temperature of 660 degrees C), cold-rolling to 2.0mm of board thickness (50% of rates of 
cold-rolling) and performing recrystallization annealing temperature at 720 degrees C in a 
continuous-annealing hot-dip-zincing line, hot dip zincing (the amount of plating: both sides 45 
g/m2) is given at 460 degrees C. and it is 690 degree-Cx7sec succeedingly. Alloying processing 
was performed. The sample offering steel plate (it is 2.0tx40wx300L at mm) was extracted from 
the obtained alloying hot-dip zinc-coated carbon steel sheet, and the highHrequency-induction- 
hardening equipment of drawing 9 was used and quenched at this. 
- Steel plate component (mass%, the remainder substantially Fe) 

C:0.13%, Mn:1.98%. P:0.013%, S:0.012%, aluminum:0.041%, Ti<0.01%, N:0.004%, B:0.0037% [0052] 
Thermo-cycle times are 3sec(s). The feed rate of a steel plate was adjusted and the existence 
of a plating layer and Fe content in a plating layer were investigated about the sample offering 
steel plate which carried out water cooling after quenching with various hardening temperature 
so that it might become extent The graph which arranged the relation between hardening 
temperature and Fe content is shown in drawing 1 2 . From drawing 12 , it was checked that a 
plating layer remains [ hardening temperature ] below 1000 degrees C. Moreover, it was checked 
that the amount of Fe(s) in a plating layer is also about 25% or less. 

[0053] Next, hardening temperature was made into 700 degrees C, 800 degrees C, 900 degrees 
C. and 1000 degrees C, the cooling rate after heating was adjusted, and high-frequency induction 
hardening was performed under various thermo-cycle times. Fe content in the plating layer of 
the obtained steel plate is investigated, and the graph which arranged the relation between a 
thermo-cycle time and Fe content is shown in drawing 13 . From drawing 13 . thermo-cycle 
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times are 60sec(s). Below, it was checked that Fe in a plating layer has stopped to about 35% or 
less. 

[0054] Furthermore, the corrosion spool (it is 2.0tx70wx150L at mm) was extracted from said 
sample offering steel plate which performed high-frequency induction hardening in various 
thermo-cycle times, and the corrosion test was performed. The corrosion test was carried out 
by measuring the maximum hole vacancy depth after 1 70 cycles by making the following process 
into 1 cycle according to the JASO automobile ingredient corrosion approach. The result is 
shown in drawing 14 . 

- 1 cycle process ♦* salt water (35-degree-C, 5% of concentration) fuel-spray: — 8hr** 
desiccation (60-degree-C, 30% of relative humidity): — 4hr** humidity (50-degree-C, 90% of 
relative humidity) exposure: — the amount of Fe(s) in a plating layer from 2hr drawing 14 , if it is 
35% or less The maximum hole vacancy depth is 500 micrometers. It is 200 micrometers, if it is 
below extent and is 25% or less. It has stopped at extent and the thing equipped with the 
corrosion resistance which is satisfactory practically to be was checked. 
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♦'NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] The stress distorted diagram in B is shown at the time of A and high-speed 
deformation at the time of low-speed deformation. 

[Drawing 2] It is the perspective view of the trial member used for the three impacts bending 
test. 

[Drawing 3] It is a three impacts bending test point explanatory view. 

[Drawing 4] It is the displacement-load diagram showing a three impacts bending test result 

typically. 

[Drawing 5] It is the graph which shows the relation of the amount of Ti and three impacts 
bending absorbed energy concerning Example A. 

[Drawing 6] The amount of N concerning Example B and the amount of B are the graphs which 
show the effect done to the hardness of the quenching section. 

[Drawing 7] It is the graph which shows the hardness distribution near [ of sample No.13 ] the 

quenching section of Example B. 

[Drawing 8] It is the graph which shows the hardness distribution near [ of sample No.7 ] the 
quenching section of Example B. 

[Drawing 9] It is the conceptual diagram showing the quenching point of the steel plate in 
Example C. 

[Drawing 10] It is drawing showing the relation of the static-dynamic ratio and the old austenite 
particle size in Example C. 

[Drawing 11] It is the explanatory view of the thermo-cycle time in high-frequency induction 
hardening, 

[Drawing 12] It is the graph which shows the relation between the hardening temperature in 
Example D, and Fe content in a plating layer. 

[Drawing 13] It is the graph which shows the relation between the thermo-cycle time in Example 
D, and Fe content in a plating layer. 

[Drawing 1 4] It is the graph which shows the relation between Fe content in the plating layer in 
Example D, and the maximum hole vacancy depth in a corrosion test. 
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DRAWINGS 


[Drawing 1] 
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[Drawing 7] 
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[Drawing 1 1] 
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